A lake sediment core collected from the Staroje Lake, southeastern Belarus, reveals significant changes of the terrestrial and limnic environmental during the Lateglacial and Early Holocene in the periglacial zone of the Late Weichselian Glaciation. The combination of lithological (loss-on-ignition), palaeobotanical (pollen, non-pollen palynomorphs, diatoms) and isotopic (d O curve recorded during the first half of the GI-1 event suggests intensive groundwater discharge accompanied by active transportation of detrital carbon in to the basin. Limited basin productivity is also indicated by lithological and diatom records. Since approximately 13,700 cal BP, sedimentation regime in the lake stabilised and productivity of the basin started to increase in positive correlation with LOI data. A considerable decrease in d
Introduction
The Last Glacial Termination was characterized by numerous environmental oscillations recorded in terrestrial, glacial, and marine proxy records collected from around the North Atlantic realm.
At the same time, the wide climatic instability (Walker, 1995; von Grafenstein et al., 1999; Lowe et al., 2008; Brooks and Birks, 2000a,b) related to the changes of thermohaline circulation and solar activity among other factors have been confirmed. Insights into the pattern of these changes are crucial to predicting future environmental and climatic regimes.
While numerous studies have revealed and characterised Lateglacial vegetation and sedimentation dynamics (Starkel, 2002; Birks and Birks, 2004; Willis and van Andel, 2004; Giesecke, 2005a,b; Latałowa and van der Knaap, 2006; Margielewski, 2006; Birks and Willis, 2008; Binney et al., 2009 ) in northern, northwestern and central Europe fewer sedimentary records exist for the eastern part of the continent including western and northwestern Russia, Belarus and Ukraine (Zernitskaya et al., 2001; Makhnach et al., 2004; Wohlfarth et al., 2006; Novenko et al., 2009; V€ aliranta et al., 2011) . The existing data sets suggest a high synchronicity of the main climatic events and the associated environmental response circum North Atlantic (Lowe et al., 2008) , while some alterations, such as the delay of the early Holocene warming and the subsequent environmental shifts were fixed in the north-eastern part of the European continent (Wohlfarth et al., 1999 (Wohlfarth et al., , 2006 (Wohlfarth et al., , 2007 Subetto et al., 2002; Stan cikait _ e et al., 2008 Stan cikait _ e et al., , 2009 .
Discussing the different aspects of the Lateglacial environmental pattern, the Eastern European territories situated outside the maximum extent of the Scandinavian Ice sheet are of crucial importance, as numerous processes, including forestation of the newly deglaciated areas, started from the periglacial zone. As the major part of the Belarusian territory was free of ice during the Last Glacial maximum, this region provides exceptional opportunities for multi-proxy palaeoenvironmental and palaeoclimatic reconstructions, filling the gap between the western and eastern European databases. According to existing information, the processes of the lacustrine sedimentation started before 12.8 ka BP (Matveyev et al., 1993; Zernitskaya et al., 2001; Zernitskaya and Mikhailov, 2009) in Belarus. However, the main Lateglacial sites are located in central, western, and southwestern parts of the country. Late Glacial deposits of Eastern Belarus are poorly studied and have been restricted to palynological stratigraphy. In the present study, we attempt to achieve more detailed knowledge on the Late Glacial and Early Holocene establishment of the plant cover, development of the sedimentary environment, and changes of climatic regime in this poorly studied region in southeastern Belarus. This study investigated regional climatic changes in the context of supra-regional climatic events, documented in the GISP2 Greenland ice core (Stuiver et al., 1995) . Increasing the number of chronologically well-supported high-resolution multi-proxy archives representing areas where the number of similar investigations is still low may aid in improving the understanding of the Lateglacial climatic evolution and the ecosystem reaction in the Northern Hemisphere.
Site description
Lake Staroje (52 51 0 N, 30 58 0 E, 130.5 m a.s.l., Chechersk district, Gomel oblast) situated in southeastern Belarus (Fig. 1 ) lies in the glacial meltwater channel (depth 15e20 m) formed during the Pripyat' Glaciation (Dnieper stage or Saale II). In the northern and eastern part of the depression, slopes reached up to 10e15 m height, reaching only 3 m along the southwest and northeast edges. The investigated basin is a high eutrophic lake in the basin of the Sozh River, a tributary of the Dnieper River (Fig. 1) . Quaternary tills and glaciofluvial deposits (max. 20e50 m and min. 10e15 m in depressions) are underlain by PaleogeneeNeogene sediments and Upper Cretaceous marl or limestone (Matveyev et al., 1988) . Staroje Lake (area 0.63 km 2 ) is 1.1 km long, 0.8 km at its maximum width, and has a maximum depth of 5.0 m. The catchment of the lake covers 18.8 km 2 . The maximum thickness of bottom deposits varies around 9.0 m. Despite the proximity of Staroje Lake, situated in the upper part of the glacial channel ( Fig. 1) , no direct connection between these lakes existed. Two small drainage channels enter the lake, and one has its source here (Fig. 1) . The coastal sites of the lake are covered by shrubs, and bogs along the south. The study area is located in the hornbeam-oak-dark-coniferous zone, but the vicinity of the lake has been cleared of forest. The climate is moderately continental: mean July temperature is þ18.0 C and that of January À7.5 C. Mean annual precipitation reaches 650 mm (Loginov, 1996) .
Field and laboratory work

Coring and sampling
Two cores of 7.5 cm diameter were recovered from Staroje Lake in February 2013, using a "Russian" corer. The winter coring took place through ice when parallel sediment sequences reaching up to 733 cm depth were recovered from under 150 cm of water (the water surface is the zero point). The coring place was situated 200 m from the southeastern shore of the lake. The obtained sediments were packed in plastic cases (1 m long) and transported to the laboratory of the Institute for Nature Management, National Academy of Sciences, Belarus. There, sediments were carefully described and subsampled in 2 cm slices for further analyses. The samples from the 523e732 cm interval discussed in this paper were stored at 4 C. Pollen analysis and survey of non-pollen palynomorphs were performed at the Institute for Nature Management, Belarus, while the lithological (LOI) survey, diatom investigations and isotopic (d 18 O and d 13 C) measurements were carried out at the Nature Research Centre, Lithuania, and AMS 14 C dating at the Poznan Radiocarbon Laboratory, Poland.
Loss on ignition
In order to identify the content of organic matter (OM), calcium carbonate (CaCO 3 ), and terrigenous component in the sediments, loss-on-ignition (LOI) survey was applied. Sediment samples of 5 cm 3 representing 4 cm of the sediment column each were dried at 105 C for 24 h and combusted at 500 C for 4 h for the burning of organic matter. The following stage was four hours burning at 900 C for the destruction of the carbonates. The results of the test runs (Heiri et al., 2001) were taken into account in carrying out the experiments. Organic matter, carbonate and mineral proportions were determined. In total, 78 samples were measured.
3.3.
C dating
The chronology of the investigated sediments was based on the results of four AMS radiocarbon dates obtained from the bulk samples and biostratigraphical information obtained from a regional scale. The radiocarbon dates were transformed to calibrated ones using the OxCal v4.2 software (Bronk Ramsey et al., 2010) with the IntCal13 calibration curve (Reimer et al., 2013) . All dates are given at the 2s confidence level (95.4%) and expressed in cal BP.
Pollen and non-pollen palynomorph analysis
A total of 104 sub-samples of 2 cm 3 fresh sediment, covering 2 cm intervals, were prepared using the standard methodology described by Erdtman (1936) that included treatment by heavy liquid (ZnCl 2 ) (Berglund and Ralska-Jasiewiczowa, 1986) . Lycopodium tablets were added to enable pollen concentrations to be estimated (Stockmarr, 1971) . The mean number of the terrestrial pollen counted was 500 grains/sample, varying from 276 to 880. Pollen and spore identification was based on Moore et al. (1991) and Reille (1992) . Furthermore, the Pinaceae stomata, algae, fungi and amoebae fauna (Rhizopoda) were fixed in the pollen slides following Jankovsk a and Kom arek (2000), Bobrov et al. (1999) , Booth (2002), and Sweeney (2004) . The percentage pollen values were calculated on the basis of arboreal and non-arboreal pollen sum (
Percentages of aquatic pollen and ferns/mosses spores as well as of non-pollen palynomorphs were calculated on the basis of P P þ sum of corresponding grains ¼ 100%. All spreadsheets and the percentage diagrams were plotted using the programs Tilia and Tilia Graph (Grimm, 1992) with the application of incremental sum of squares cluster analysis (Grimm, 2007) for the zonation of the records. The local pollen assemblage zones (LPAZ) are defined on the basis of visual and statistical interpretation of the pollen spectra.
Diatom survey
Diatoms were extracted from the 56 sediment samples using the conventional technique described by Battarbee (1986) , identified under NIKON light microscope at 1000Â magnification, and more than 500 specimens were counted per sample. Species identification primarily followed Krammer and Lange-Bertalot (1988 , 1991a ,b, 1997 . The local diatom assemblage zones (LDAZ) are defined on the basis of the visual changes in species composition throughout the section, and statistical treatment.
d
18 O and d
C ratio analysis
Sub-samples of bulk sediments were taken at 2 cm increments of the core, for a total of 167 samples. Sample preparation and measurements mainly followed the method described by Zha et al. (2010) and Sp€ otl and Vennemann (2003) . Samples were oven-dried at 105 C for 24 h prior to measurement, then manually ground to a fine powder with agate mortar and pestle. 
Results
Lithostratigraphy
Based on the results of loss-on-ignition measurements, four main lithostratigraphic units have been distinguished in the 
13
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sediments of Staroje Lake (Fig. 2) 
Chronology
As the number and preservation of discovered plant macrofossils was minor in the investigated part of the core, bulk sediment samples were analyzed. However, radiocarbon dating of calcareous enriched sediments is problematic because it easily overestimates ages due to the reservoir effect (Mook and Streurman, 1983) , which is difficult to quantify. For this reason, biostratigraphical information obtained on the regional scale and supported by 14 C data (Zernitskaya et al., 2005) was applied to assess the age of the Staroje Lake record. Under the assumption of the synchronicity between Greenland and European climatic events, changes in oxygen-isotope curve were also taken into account in discussing the chronology of the events identified Ammann et al., 2013a,b) .
S-1 pollen zone ( Fig. 2 A,B) reflects a rather open landscape when the shrub/tundra and forest/tundra vegetation with local stands of Pinus flourished. Unfortunately, due to the high quantity of redeposited material that may include both older deposits containing carbonate and "old carbon" itself that determinated so-called "hard water" effect, the obtained 14 C date (17,451e16,940 cal BP, Poz-58619, 701e702 cm, Table 1 ) produced a remarkably "older than expected" age. Therefore, based on the correlation of biostratigraphical (palynostratigraphy) data including that obtained on a regional scale (Zernitskaya et al., 2005) the age is estimated to be around 15,500e14,500 cal BP, i.e. the end of the Pleniglacial or GS-2 event (Lowe et al., 2008) . Subsequently, expansion of Pinus accompanied by temporary decline of Betula was observed in the pollen record (S-2). This time of the pine prosperity correspond to the Lateglacial Interstadial in Belarus, 14,700e13,000 cal BP (Matveyev et al., 1993; Makhnach et al., 2009; Zernitskaya et al., 2010) and could be correlated with the GI-1 event (Lowe et al., 2008) . The onset of the LPAZ S-3 is marked by the strong decline of AP taxa, suggesting an opening of the vegetation structure. Simultaneously, a characteristic drop in the d 18 O curve occurred, indicating deterioration of the climatic regime. These changes appear to reflect the onset of the Younger Dryas (Makhnach et al., 2009 (Makhnach et al., , 2010 or GS-1 event sensu Lowe et al. (2008) . The obtained AMS date suggests this event occurred at approximately 13,200e12,900 cal BP (Poz-58617, Table 1) in the surroundings of Staroje Lake. At the transition to pollen zone S-4, the number of herbaceous taxa sharply declined, suggesting occupation of the terrain by forest vegetation. However, Picea pollen dropped simultaneously, indicating extinction of this tree from the local vegetation. According to Novik et al. (2010) this event was dated to approximately 11,700 cal BP (10,110 ± 130 14 C BP, IGSB-802) in the region. The AMS date yielded from the above mentioned transition indicated a remarkably older age i.e. 13,262e13,033 cal BP (Poz-58616, Table 1 ) which could have resulted from detrital carbon content. The uppermost part of the profile (S-4 and S-5 pollen zones) suggests an Early Holocene age of the investigated strata, both from the palaeobotanical and isotopic points of view.
Palynological and non-pollen palynomorph records
Six statistically important LPAZ were established. Description of the LPAZ-s are presented in Table 2 and displayed on the pollen diagram ( Fig. 2 A,B) . As only scattered pollen grains have been discovered in the lowermost part of the profile (703e733 cm), no continuous pollen curves were created for this interval. Discussion of non-pollen palynomorphs follows those of pollen and spores. Picea shows up to 1%. Pre-Quaternary spores and redeposit pollen were fixed. The mosses (Bryales) and green algae (Pediastrum boryanum, P. integrum, P. kawraiskyi) are discovered. The Glomus spores (host is commonly the roots of plants) are present in the fungi structure. S-2 632e687 The increase of Pinus (to 85%) and decrease of Betula (4%) are characteristic for this zone. Picea reaches up to 0.8%. NAP sum decreases to 1% in the first half of the zone and increases to 17% afterwards. Single grain of Typha latifolia, T. angustifolia and Myriophyllum recorded. Among the nonpollen palynomorphs a high content of Pinus stomata and Herpotrichia fungi (the host is needles of coniferous trees) spores alongside with the Glomus are revealed. At the beginning of the zone the green and diatom algae are presented sporadically while number of these specimens increased approaching the upper limit of the zone. S-3 597e632 This zone is characterized by the culmination of NAP reaching more than 38%; Artemisia (up to 31.8%), Poaceae (6.5%) and Chenopodiaceae (up to 4.6%) predominate. NAP curve shows the two sharp peaks close to the limits of the zone. Content of AP is varies between 53% and 60%, Pinus À42e60%, Betula À5e11% whereas Picea values increase (up to 5.8%) as well as that of Betula nana. Pinus and Picea stomata are presented sporadically. Aquatic taxa (e.g., Myriophyllum and Equisetum) show lowly increase. The number of green algae (P. boryanum, P. integrum, P. kawraiskyi) and diatoms' is the highest. Amoeba fauna appears and is represented by Centropyxis aculeata (prefers the wet mosses and lake detritus) and Arcella catinus type (fresh water and in wet Sphagnum). S-4 587e597 This zone is determined by changes in the AP/NAP ratio. Trees pollen has increased (AP 90%) while herbs pollen has decreased (6.6%). Pinus (76%) and Betula (15%) are dominated. Pollen curve of Picea gradually falls to 0.3%. Scattered grains of Ulmus, Alnus, and Corylus were found. The number of green algae decreases and amoeba fauna is presented by Centropyxis aculeata only. S-5 555e578 Zone was marked by the abundance of Betula pollen, reaching 71%. The Ulmus (0.6%) is constantly present, Alnus, Corylus and Quercus sporadically. Green algae are characterized by P. boryanum, amoeba fauna e by Centropyxis aculeata only.
Diatom record
According to diatom compositional changes, four local diatom assamblage zones (LDAZ) were distinguished (Fig. 3) identifying 68 different diatom taxa. The diatom flora is poor both in variety of identified species and number of frustules recorded. Moreover, long intervals of the studied sediment sequence were devoid of diatoms or only contained single specimens. The scarcity of the diatom record can be ascribed to a high accumulation rate of mineral particles, possibly causing dispersion of diatoms, or dissolution of diatom frustules due to poor preservation (Amon et al., 2010) . The lowermost part of the section (I LDAZ; 730e703 cm) is dominated by the species of Fragilaria (up to 80%), with high admixtures of redeposited old marine pre-Quaternary specimens i.e. Paralia sulcata, Coscinodiscus and Actinocyclus, reaching 10e20%. The next zone (II LDAZ; 703e649 cm) is characterized by the scarcity of the diatom record, as the number of identified diatoms is negligible in most samples (from 10 to 100 specimens/sample), with partly dissolved diatom valves including old pre-Quaternary ones. The number and richness of diatoms culminated in the third zone, III LDAZ (649e597 cm). Here, in addition to the fragilaroids, epiphytic species such as Achnanthes laterostrata, Cocconeis placentula var. lineata and Cymbella ehrenbergii are common. The uppermost part of the section (IV LDAZ; 597e530 cm) is very poor in diatoms.
Stable isotopes
The oxygen (d 18 O) and carbon (d 13 C) isotope analyses were carried out on bulk carbonates from Staroje Lake (Fig. 2A) exhibits a pronounced decreasing trend in the lower half of unit 2 with some recovery in the upper part. The next decline of both curves is coincident with the unit 2/unit 3 transition, especially apparent in the d 13 C record (from þ7.06‰ to À0.86‰). Despite a 
Discussion
Although the Last Glacial Maximum (Upper Pleniglacial) was dated to 20e17.5 ka BP (Vozniachuk and Valchik, 1978; San'ko, 1987; Karabanov et al., 2004; Marks and Pavlovskaya, 2007) or ca 17.7 ka ( 10 Be ages) in Belarus (Rinterknecht et al., 2007 ) the major part of the territory was still free of ice at that time. The Orsha Moraine and Braslav Moraine formed two moraine belts in northern and northwestern Belarus (Karabanov et al., 2004) suggesting the maximum extent of the ice cover. The remainder of Belarus was a periglacial zone (Markova et al., 2008) . The onset of the organic sedimentation in the LG zone (West Dvina basin, between Orsha and Braslav moraine belts) was dated to 15,780 ± 160 14 C BP (18.7e19.3 cal ka BP) (Kalicki et al., 1997) along with the organic enriched deposition in the thermokarst holes that started since approximately 13.0e13.7 14 C ka BP (Punning et al., 1988; Zernitskaya et al., 2001 ). In the periglacial zone, deposition in the lacustrine basins started before 12.8 14 C ka BP (15.0e15.5 cal ka BP) (Matveyev et al., 1993; Zernitskaya et al., 2001 Zernitskaya et al., , 2010 . Although the lack of radiocarbon data does not allow detailed determination of the commencement of biogenic sedimentation in the biggest part of the country, it seems that this process was contemporary with the degradation of the ice cover. The information obtained from Staroje Lake has further described the environmental situation in this part of the periglacial zone. Based on the obtained information, six environmental stages have been recognized in the record of Staroje Lake. Those allocated for LG are compared with the event stratigraphy proposed by Lowe et al. (2008) .
Before 14,500 cal BP
As inferred from the obtained data, limnic sedimentation processes started with the deposition of the grey calcareous gyttja containing little organic matter and detrital carbon in Staroje Lake (703 cm, Fig. 2A ). The underlying yellowish sand (703e733 cm, Fig. 2A (Matveyev et al., 1988) . In general, the quantitative interpretation of carbonate oxygen-isotope records obtained from small shallow lakes is complicated by many effects (Leng and Marshall, 2004) including strong seasonal and inter-annual variability of the water temperature. The high corrosion of the pollen grains identified in most of the investigated samples supports this assumption confirming instability of the surface. The above conclusion is also supported by the diatom data that contain a large number of redeposited old, marine diatom frustules, especially P. sulcata and fragments of frustules of genus Coscinodiscus, Actinocyclus and others reaching 10e20% (LDAZ-I, 730e703 cm, Fig. 3 ). In general, the lowermost part of the section is dominated by the species of Fragilaria genus (up to 80%), mainly Fragilaria construens spp. and in lesser numbers, Fragilaria brevistriata and Fragilaria pinnata.
There are eurytopic taxa occurring in littoral as well as pelagic biotopes and often found in alkaline, slightly brackish water rich in dissolved mineral salts. Fragilaria spp. reaches an optimum in oxygen-rich waters and often occurs during the initial phase of lake development (Sepp€ a and Weckstr€ om, 1999). Flourishing of these taxa may reflect their opportunism, adaptation ability to rapidly changing environments, and high reproductive rate (Lotter et al., 1999; Helmens et al., 2009) . Some small cold water species such as A. laterostrata, Amphora pediculus and others are present in this zone as well. The combination of corroborating evidence from palaeobotanical, lithological and isotope analyses indicate that terrigenous sedimentation predominated during the initial phase of the lake development that could be related with the disappearance of permafrost and formation of sedimentary basins. Recorded events could be attributed to the end of the Pleniglacial or GS-2 event (Greenland Stadial e 2 event, according to Lowe et al., 2008 ). An onset of S-1 pollen zone (Fig. 2 A,B) is coincident with remarkable changes recorded in all investigated proxies i.e. isotope record, loss-on-ignition data, and diatom spectra. d
18 O exhibits a pronounced decreasing trend at the onset of the LPAZ, where the pollen data suggest a rather mild environmental regime with increasing density of vegetation cover. Low values of d
18
O could be related to the intensive input of isotope signal from the glacial epoch connected with the disintegration of permafrost and inflow of ancient cold water into the basin. This is also supported by the presence of pre-Quaternary spores and pollen in spectra. In the pollen diagram from Staroje Lake, the recorded value of birch (exceeding 20%), most likely Betula nana, indicates local growth of this plant. Moreover, the presence of Pinus stomata confirms proximity of the pine stands, and local origin of the identified pollen grains. In fossil pollen records, percentage values that have been used as an indicator of local growth of pine vary between 20% in England (Bennett, 1984) , 25% in Poland , and 55% in Norway (Barnett et al., 2001 ). Thus, the recorded amount of Pinus pollen (39e60%) in the lower part of Staroje Lake suggests the local presence of this tree as well. Refuges of forest vegetation in LGM existed in the Podolian region, central Russian Uplands, as well as in valleys of the Dniester and Dnieper (Ukrainian part) rivers (Markova et al., 2008) , that are relatively close to the region under investigation, supporting early establishment of the taxa in the area. Full-glacial survival of numerous tree species during the LGM in northerly refugia including Central and Eastern Europe was confirmed by genetic evidence as well (Willis and van Andel, 2004) . As the critical mean July temperature limits for the flowering of Pinus and Betula are 12 C and 13 C respectively (Huusko and Hicks, 2009; Kuoppamaa et al., 2009) , climatic regime was rather favorable. The changes of the oxygen-isotope rate could be related with an increase in the evaporation regulated by the changes in the air humidity and an increase in the relative portion of detrital carbonate (Hammarlund and Buchard, 1996; B€ ottger et al., 1998) . In Staroje Lake, increasing input of detrital carbon particles could result from the Devonian and Carboniferous carbonenriched formations common in the area (Matveyev et al., 1988) , and the amount of CaCO 3 increased remarkably within the S-1 pollen zone. Intensive discharge of the ground water causing transportation of detrital carbon into the basin is highly possible, along with development of karst processes. As high carbonate content positively influences diatom dissolution (Lewin, 1961; Barker et al., 1994 ) minor representation of the diatom shells in the sediments (LDAZ II, Fig. 3 ) may be explained on this basis as well. Partly dissolved diatom valves, mainly of Cocconeis and Cyclotella, were recorded in some levels, and benthic i.e. Fragilaria spp., A. laterostrata, Epithemia adnata, Gyrosigma attenuatum, and Pinnularia viridis recognized. Old pre-Quaternary diatom frustules and their fragments remains are numerous, suggesting transportation of the old material into the basin.
The final stages of the Upper Pleniglacial are also characterised by the deposition of the calcareous gyttja in Staroje Lake. At the same time, this transition is distinct in the pattern of plant communities. The most characteristic features of this period are the presence of dwarf birch (B. nana) and willows (e.g. Salix herbacea, Salix polaris), Alnus sec. fruticosa, Juniperus, Ephedra distachya, together with Dryas octopetala, Selaginella selaginoides and Bryales moss. The indicators of drier soil were Chenopodiaceae and Artemisia. Based on ecological studies, green algae i.e. Pediastrum kawraiskyi, Pediastrum integrum, Pediastrum boryanum, and Botryococcus terribilis occur in small, cold carbonate enriched oligodystrophic water basins or in those surrounded by communities of mosses (Jankovsk a and Kom arek, 2000) . The vegetation at the end of the Pleniglacial (GS-2/GI-1e transition sensu Lowe et al., 2008 ) is characterised by mosaic combinations of shrub tundra and foresttundra landscapes with sites of steppe plants on unstable mineral soils. According to Markova et al. (2008) , during the LGM similar vegetation was widespread between 53 and 56 N, while between 49 and 53 N the role of steppe landscapes increased.
14,500e13,100 cal BP
Clear signs of pronounced amelioration of environmental conditions occurred in most proxies of Staroje Lake after 14,500 cal BP. The environmental shift was correlated with the B€ olling warming (Greenland Interstadial-1e event), which was as warm as today according to different proxy records (O'Connell et al., 1999) . Rising values of both OM and CaCO 3 suggest increasing richness of the limnic and terrestrial environment. The recorded strong increase in carbon content is likely to mark the onset of authigenic carbon precipitation. Most probably, input of detrital carbon into the lake decreased as the amount of terrigenous matter decreased remarkably. Predominance of autochthonous carbonates is also confirmed by the diatom record, where the number and quality of identified specimens increased, as epiphytic species as A. laterostrata, C. placentula var. lineata and C. ehrenbergii flourished in the lower part of LDAZ-III (630e650 cm, Fig. 3 ). Generally, the water level was low at that time, and Typha latifolia, Typha angustifolia, Myriophyllum and Equisetum occupied the littoral zone of the lake. High representation of warm water preferring species of diatom algae such as C. ehrenbergii and Anomoneoneis sphaerophora was favored by the changes of the thermal regime of the basin.
Considerable changes of the d 13 C curve that started at the onset of the interval indicate greater photosynthetic activity in the lake, giving rise to d 13 C-enrichment of the DIC (dissolved inorganic carbon) (McKenzie, 1985) and pointing to increasing lacustrine productivity. A positive correlation between oxygen and carbon stable isotopic compositions is observed in closed lakes systems (Turner et al., 1983) suggesting termination of water inflow to Staroje Lake during the second half of the period under consideration, correlated with Aller€ od warming.
In our record, this time interval is manifested as a culmination of a Pinus sylvestris curve (630e687 cm) suggesting flourishing of the pine dominant forest, while birch vanished simultaneously. Pine stomata and fungi (Glomus, Herpotrichia) are present, constantly indicating the proximity of the shoreline to the coring point. At the end of this time interval, the role of herbaceous vegetation and spruce in pollen spectra started to increase. Gradual immigration of spruce into the region occurred. Fossil pollen records varying between 1% (Tantau et al., 2006) and 5% (Huntley and Birks, 1983) were used as a threshold to track the spread of this tree in different parts of Europe (Lisitsyna et al., 2011) . The beginning of the continuous curve was taken as the indicator of the local presence of this tree (Giesecke and Bennett, 2004; Savelieva, 2007) . However, in our record the Picea curve varies from 0.2% (654 cm) to 0.6% (634 cm) (see Fig. 2B ), suggesting only the regional presence of spruce approaching the end of the Lateglacial Interstadial. Vegetation of the Interstadial is characterized by birch-pine, pine and spruce forests in the western part of European Russia (Moscow and Central Russian Uplands) (Gerasimov and Velichko, 1982; Velichko et al., 1997; Wohlfarth et al., 2007; Markova et al., 2008; Novenko et al., 2009 ).
13,100e11,700 cal BP
Following the distinct decrease in d
18 O curve at the LPAZ S-2/S-3 transition, a positive shift was recorded within zone LPAZ S-3, suggesting remarkable changes in the environmental regime (Fig. 2B) . Both chronological and biostratigraphical attribution suggests that this interval can be associated with GS-1 event (Lowe et al., 2008) or Younger Dryas cooling. Lithological composition exhibits a remarkable rise of the terrigenous component (Fig. 4) , indicating intensive catchment erosion and material inwash into the basin. That is especially obvious in the first half of the interval (633e617 cm) when OM is less than 10% in particular samples and CaCO 3 varies around approximately 10% (Fig. 2A) . The low CaCO 3 makes the interpretation of the d
13 C records rather debatable, as detrital carbon predominates in the record, most likely due to high erosion activity. The recorded excursion of isotope curves may be related with the positive changes of the temperature followed by the aridification of the climatic regime in the middle of pollen zone S-3 (612 cm, Fig. 2 A,B) . The clearly expressed alteration of silty and sandy layers recorded between 610 and 618 cm indicates seasonality of sediment formation (Fig. 4) . Subsequently, water level in the lake lowered. The similar pattern of the d
18 O record leading to the positive climatic shift comparable with the middle part of the Younger Dryas was recorded in different European lakes Jones and Marshall, 2002; Makhnach et al., 2004 Makhnach et al., , 2009 . Alongside with the lithological and isotope data, the regional multi-proxy records indicate the first part of the Younger Dryas (633e618 cm) was especially dry and cold, followed by a period of rising humidity and temperature (Goslar et al., 1999; Veski et al., 2012) . In Belarus, this time period is characterized by the decreasing representation of Pinus concurrent with the rising number of Picea and non-arboreal pollen (NAP) in northern and central regions particularly (Zernitskaya et al., 2001 (Zernitskaya et al., , 2005 Makhnach et al., 2004) . A similar pattern of vegetation structure was recorded in the Staroje Lake sequence. Discovered in the upper part of the interval, 605e610 cm, stomata of Pinus and Picea mark the presence of these trees in the local vegetation. The lack of Pinaceae stomata and fungi during the initial stages of the Younger Dryas sedimentation could be related to the recession of these trees from the closest vicinities of the lake. The distance between the coring site and the lake shore could have influenced dispersal and deposition of these remains as well. Pollen data suggest relatively high density of spruce, whereas B. nana and A. sec. fruticosa were represented sporadically. The drop of the mean temperature recorded all around Europe at the beginning of GS-1 Stadial may have caused the episodic occurrence of the permafrost in particular areas of Eastern Europe (Velichko et al., 1997; Gerasimenko, 2006 ; Dzieduszy nska and Petera- Fig. 4 . Lithological column of the Staroe Lake (GS-1-6.0e6.33 m, GI-1c-6.33e6.50) . Zganiacz, 2012; Dzieduszy nska et al., 2014) . The climatic regime as well as the environmental situation supported the spread of spruce in the region and the number of Picea pollen increased from 1.2% (626 cm) to 5.8% (598 cm) in the pollen diagram of Staroje Lake (Fig. 2B) . The rise of the Picea curve was dated to 13,200e12,780 cal BP in the central region of Belarus (Bogdel et al., 1983; Makhnach et al., 2009 ). This tree migrated to Northern Belarus during the Younger Dryas. The Picea obovata cone from alluvial deposits of the Luchosa River (W. Dvina basin, NE Belarus) was dated to 10,650 ± 160 14 C BP (12,736e12,265 cal BP) (San'ko, 1987) . Increase of spruce pollen values in the sediments of Lake Naroch (NW Belarus) are confirmed by the 10,710 ± 50 14 C BP (12,736e12,265 cal BP) age (Yakushko and Makhnach, 1973; Punning et al., 1988) , and in the central region of the country at 10,920 ± 90 14 C BP (12,980e12,774 cal BP) (Zernitskaya et al., 2005; Makhnach et al., 2009) . Although the post-Glacial history of spruce in Europe has been under discussion for a decade (Giesecke and Bennett, 2004; Giesecke, 2005a,b; Latałowa and van der Knaap, 2006) , the earliest post-Glacial history of this tree in particular areas of the continent, including Eastern Europe, is still unknown. The Middle Russian Upland and East European Plain as well as Alpine forelands and Danubian plain have been indicated as possible refuge areas for this tree during the Late Weichselian Glaciation (Zernitskaya, 1995; Terhürne-Berson, 2005; Latałowa and van der Knaap, 2006 e et al., 2004, 2009) . Even in Scandinavia, spruce arrived in the Lateglacial and early Holocene (Kullman, 2000; Segerstr€ om and von Stedingk, 2003; Giesecke, 2004) . The presence of Picea suggests that a continental climate with warm summers (~þ10 C) and moist soil conditions (Giesecke and Bennett, 2004 ) predominated in southeastern Belarus in the second half of 13,100e11,700 cal BP interval, especially. The simultaneous increase of Artemisia and spread of Picea during the Younger Dryas cooling may be connected with increasing intensity of erosional processes (Artemisia, Chenopodiaceae) and reestablished permafrost (considering the linear root system of spruce). Undoubtedly, pine formed a part of the forest on sandy soil that persisted throughout 13,100e11,700 cal BP. Generally, the vegetation of the YD cooling was represented by light pine forests with birch and spruce, in combination with herbegrasseshrubs communities. Deposition of investigated sediments took place in the littoral shallow zone of the lake, where benthic species of amoebae such as Centropyxis aculeata and Arcella catinus typical in the boggy habitats (Rhizopoda curve) (Bobrov et al., 1999; Booth, 2002; Lamentowicz et al., 2008) flourished. Predominance of epiphytic and benthic diatom species i.e. G. attenuatum and P. viridis suggests a shallow sedimentary environment as well.
11,700e11,500 cal BP
After 11,700 cal BP, changes of the environmental regime started in the surroundings of Staroje Lake. These are reflected in the lithological transition from dark grey silty calcareous sand to light grey calcareous gyttja, suggesting gradual stabilisation of the sedimentation regime. The contemporaneous strong increase in CaCO 3 content is likely to mark the onset of authigenic carbonate precipitation, while the catchment biota was still poor as indicated by the low amount of OM in comparison with the previous cold interval. Both (Lewin, 1961; Barker et al., 1994) , as only negligible representation of these were recorded in most investigated samples (Fig. 3) . Nonetheless, the specimens confirm low water table in the basin. Similar extraordinary low lake-levels were recorded over large parts of Europe during the earliest stages of the Holocene (Gaillard, 1985; Bohncke and Wijmstra, 1988; Kabailien _ e, 1993; Makhnach et al., 2000; Wohlfarth et al., 2006) . Furthermore, decreasing moisture regime is also confirmed by the reduction of spruce and simultaneous development of pine thickets (LPAZ S-4, Fig. 2B ). In the northern part of the periglacial zone of Belarus, an abrupt reduction of spruce was revealed at approximately 11,600 cal BP (Zernitskaya, 1995; Zernitskaya and Mikhailov, 2009; Novik et al., 2010) . In the surroundings of Staroje Lake, reforestation was accompanied by the first signals of thermophilous trees such as Ulmus and Alnus established on the regional scale. This interval could be interpreted as a transitional zone between the Lateglacial and Early Holocene. (Zernitskaya, 1995; Ralska-Jasiewiczowa et al., 2004; Kabailien _ e, 2006) . Small open habitats persisted on the lake shores, most likely, as the number of herbs and grasses remained minor in the pollen record. Aquatic taxa are represented by T. latifolia, T. angustifolia, Myriophyllum, the green algae by P. boryanum, and that of amoeba fauna by C. aculeata. Eutrophication level in the lake increased. Although the value of OM remains low in the sediments, increasing content of CaCO 3 suggest formation of a rich lacustrine environment. Autochthonous carbonates predominated in the sediments, as inflow of eroded material was minor according to the LOI data.
The rather stable values of d 18 O ( Fig. 2A) 13 C values was recorded, indicating some instability in terms of temperature and moisture. Biological productivity declined at the same time. Based on numerous different proxies, several early Holocene environmental shifts were identified and described in different parts of Europe Nesje et al., 2004; Andresen et al., 2007; Bohncke and Hoek, 2007) including the Baltic region (Stan cikait _ e et al., 2009). The most prominent climate deterioration, termed the Preboreal Oscillation (PBO) and dated to 11,300e11,150 cal BP, has been described as a humid and cool interval in northwestern and central Europe (Bj€ orck et al., 1997) . According to Fisher et al. (2002) the Preboreal oscillation led to increase in pack ice on the North Atlantic Ocean that lowered surface temperatures, increased albedo, and likely forced changes in ocean circulation (Diefendorf et al., 2006) . Data obtained from Staroje Lake in SE Belarus indicate some climatic and environmental shifts during the early Holocene. These became especially pronounced between 10,300 cal BP and 9,500 cal BP, when increasing terrigenous input suggests rising water inflow into the basin. At the same time, organic richness of the sediments became higher in positive correlation with the pollen record, confirming the formation of a mixed thermophilous forest with deciduous trees including Tilia, Quercus, Alnus, and Corylus. The sudden rise of d
13 C records was punctuated by a subsequent drop, suggesting both hydrological and climatic fluctuations. In northern and northwestern Europe, several cool oscillations centered on the Preboreal have been determined through various palaeoenvironmental records (Velichko et al., 1997; Wastegård, 1998; Bj€ orck and Wastegård, 1999; Magny et al., 2007) . Changes in melt water supply to the North Atlantic forced changes in oceanic and atmospheric circulation (Andrews et al., 1991) initiating instability (Diefendorf et al., 2006) . Recent investigations indicate the correlation between palaeoenvironmental variations representing the North Atlantic region and the eastern part of Europe. Further multi-proxy investigations providing independent chronological framework, and palaeoclimatic reconstructions are needed for this region to extend our knowledge about the Lateglacial history in the eastern part of Europe.
Conclusions
The results of the multi-proxy investigations carried out in Staroje Lake, SE Belarus, situated outside the maximum extent of the Scandinavian Ice Sheet, provide information concerning the LateglacialeEarly Holocene environmental history, including vegetation pattern, water level fluctuations, and local climatic and hydrological variations between 14,500 and 9,500 cal BP. The obtained results suggest the following conclusions:
In Staroje Lake, sedimentation processes recommenced in response to degradation of the permafrost and occurrence of the karst pond. Shortly before 14,500 cal BP, i.e. at the end of the Pleniglacial (GI-2), deposition of the calcareous gyttja in the basin started, suggesting improvement of environmental regime including climatic amelioration as indicated by formation of shrub and forest-shrub tundra with the predominance of B. nana and the local presence of Pinus stands. During the Lateglacial Interstadial (GI-1), open Pinus dominated forest flourished between 14,500 and 13,100 cal BP in the surroundings of the lake where the water table stayed relatively low, as documented by the diatom record. Predominance of autochthonous carbon confirms increasing productivity of the sedimentary basin, also indicated by high OM content. The parallel increases in d
13 C records suggest formation of a closed lake system after 13,300e13,200 cal BP. Both palaeobotanical and isotope data exhibit simultaneous negative excursions of the climatic regime, that may have triggered the episodic occurrence of permafrost and increasing groundwater level at the transition from Lateglacial Interstadial to the GS-1 Stadial. Drop of the organic and carbon productivity was coincident with the increasing erosion activity, determining the intensive inflow of detrital material into the shallow water basin at the beginning of the interval. Climatic deterioration brought about the formation of forest-tundra (Pinus, B. nana) vegetation in combination with herbs (Artemisia, Chenopodiaceae). Wet soils created conditions for the penetration of Picea stands that became important component of the local vegetation. The positive changes of the isotope records at approximately 12,300e12,400 cal BP suggest a reversal to warmer conditions during the next part of the stadial.
Changes in the lithological record indicate the initial stages of the environmental improvement since approximately 11,700 cal BP onward. The sudden rise of the carbon content suggests increasing richness of the lacustrine environment, while the reaction of the terrestrial environmental was rather moderate. The last episode of active permafrost decay as well as the gradual rise of the thermal regime and decreasing humidity may have played a leading role in the extinction of spruce at the Lateglacial/Holocene transition. Open pine dominated forest with some admixture of birch dominated the territory. Changes of the biological productivity, d 18 O and d 13 C records, and lithological composition of the strata indicate some climatic and environmental shifts in the area during the Early Holocene and became especially pronounced between 10,300 cal BP and 9,500 cal BP. Centered around the Preboreal, these were correlated with the Early Holocene climatic variations widely recorded all around western Europe. The original data obtained from Staroje Lake, SE Belarus, show some degree of correlation between environmental and climatic variations representing the North Atlantic region and the eastern part of Europe.
